A novel heteropoly acid salt, Na 6 [Ni(Mo 11 ZrO 39 )]·20H 2 O, has been synthesized by the means of acidi cation and adding the reactants into the solution step by step. e heteropoly compound was characterized by elemental analysis, TGA/DSC, infrared spectrum, ultraviolet spectrum, X-ray di raction, and SEM. Its protonic conduction was measured by the means of the electrochemical impedance spectrum. e results showed that it belongs to the Keggin type, and its conductivity value was 1.23 × 10 -2 S/cm at 23°C when the relative humidity was 60%, and the conductivity enhanced with the elevated temperature. Its proton conduction mechanism was in accordance with vehicle mechanism, and the activation energy was 27.82 kJ/mol.
Introduction
e heteropoly compounds include the heteropoly salts and heteropoly acids, which are a class of discrete, transition-metal-oxide cluster anion. ey have been widely used in many elds, particularly in the catalytic eld, pharmaceutical eld, biological science, and materials science [1] [2] [3] [4] . Recent work has revealed that the heteropoly compounds have a ne conductive property, whether they are in solution or in solid state, just like other protonic conductors, such as inorganic matter [5] [6] [7] [8] . In this thesis, we report the synthesis, characterization, conductive property, and conduction mechanism of nickelzircomolybdnum heteropoly acid salt with Keggin-type Na 6 [Ni (Mo 11 ZrO 39 )]·20H 2 O (abbreviated as NiZrMo).
Experiment
e heteropoly acid salt, Na 6 [Ni(Mo 11 ZrO 39 )]·20H 2 O has been synthesized by the means of acidi cation and adding the reactants into the solution step by step according to the procedure described in our previous report [9] . 200 mL aqueous solution of sodium molybdate (10.65 g, 0.044 mol, Na 2 MoO 4 ·2H 2 O) was adjusted to pH~6.0 with acetic acid. en 20 mL aqueous solution of zirconium oxychloride (0.72 g, 0.004 mol, ZrOCl 2 ·8H 2 O) was added dropwise to 200 mL aqueous solution of sodium molybdate under stirring. When the white precipitate appeared, the solution was adjusted to pH~5.0 a er continuous stirring for a period of time at 70°C until the solution clari ed. And 20 mL aqueous solution of nickel chloride (0.96 g, 0.004 mol, NiCl 2 ·6H 2 O) was added dropwise, re uxing for 1-2 h. e cooled solution was extracted by ethanol (50 mL). A er the concentrated ethanol solution was dried in vacuum, the pale-green NiZrMo powder was obtained.
All chemicals were of analytical grade and used without further puri cation.
Results and Discussion

Elemental Analysis.
e molar ratio of the elemental was measured by means of the SPECTRO GENESIS FES Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP-AES). As shown in Table 1 , the mole ratio of Ni : Zr : Mo is close to 1 : 1 : 11 (data in the brackets is theoretical), which indicates it belongs to the 1 : 1 : 11 series of heteropoly acid salt.
TGA/DSC Analysis.
e thermogravimetric analysis (TGA) and di erential scanning calorimetry (DSC) study was recorded on the METTLER TOLEDO thermal analyzer in a dynamic argon atmosphere from room temperature to 600°C, and the rate of heating was 15°C per minute. As shown in Figure 1 , when the temperature increased from 74°C to 400°C, the weight of the heteropoly acid salt reduced; but the weight remains constant when the temperature exceeds over 400°C.
ere are four endothermic peaks, which are 74°C, 105°C, 325°C, and 400°C, in the DSC curve. e process can be divided into three major weight loss stages by these four peaks. At the rst loss stage, the temperature from 74°C to 120°C, the total percent of weight loss is 9.5%, which is mainly comprised of physically absorbed water and acetic acid. In the second loss stage, the temperature from 120°C to 300°C, the lost weight is 9.3%, which corresponds to the loss of thirteen crystallized water molecules. In the third loss stage, the temperature from 300°C to 400°C, the lost weight is 5.0%, equivalent to the loss of seven crystallized water molecules. It is found that there are two endothermic peaks in the vicinity of 460°C and 575°C, which show the collapsed structure of NiZrMo. It can be concluded from Figure 1 that the accurate molecular formula of the product is Na 6 [Ni(Mo 11 ZrO 39 )]·20H 2 O and it remains constant within 400°C which shows its favorable thermal stability [10] .
FT-IR and UV Analysis.
e Fourier transform infrared (FT-IR) spectroscopy was carried out using a NICOLET NEXUS from the region of 600 cm −1 to 4000 cm −1 using KBr pellets. In the range of 700~1100 cm −1 , there were four characteristic vibrational bands of heteropoly acid salt with a Keggin structure. [11] . e bands of a carboxyl group and C-H band is ascribed to the residue of the glacial acetic acid or its salts. Because the size of the zirconium ions is large, the stretching vibration band split, which may cause the relaxation and small cohesion of the molecule, so it is obvious that the relative chemical bond vibrations would change. e ultraviolet (UV) spectrum was recorded on a SHIMADZU UV-2500 spectrophotometer with a wavelength range of 200~400 nm. e UV spectra of the 1 : 1 : 11 series of heteropoly acid (salts) of Keggin structure usually possess two strongly characteristic absorption peaks, the higher energy of the absorption peak is attributed to the double bond character, which is close to 200 nm, and the lower energy of the absorption peak is a result of the single bond character, which is in the vicinity of 250 nm. ere are two peaks at 209 nm and 245 nm as show in Figure 3 . ey are attributed to the Od→Mo and Ob/Oc→Mo charge transfers respectively and both of them are in accordance with the typical absorption of the UV spectra of the 1 : 1 : 11 series of the Keggin structure heteropoly compounds.
XRD and SEM
Analyses. X-ray powder di raction (XRD) analysis was measured on a SHIMADZU XRD-6000 X-ray di ractometer. e instrument was equipped with Cu tube operated at 40 kV and 30 Ma, and the di raction data collection was in the range of 5~40° 2 with a step size of 0.02 at a rate of 4° per minute. Four characteristic peaks can be observed: 7~13°, 16~23°, 25~30°, and 31~38° in the XRD pattern of a 1 : 1 : 11 series of Keggin type heteropoly acid (salt). Figure 4 depicts the XRD pattern of the NiZrMo, there are four characteristic peaks, which are 9.76°, 18.5°, 27.38°, and 33.98°, consistent with the characteristic peaks for the 1 : 1 : 11 series of Keggin structure heteropoly compound [12] . e surface morphology of the NiZrMo was performed using a KY-AMRAY 1000B scanning electron microscope (SEM) (Figures 5(a) and 5(b) ). Figure 5 shows that heteropoly acid presents a honeycomb structure at low magni cation and regular hexahedron shapes at high magni cation. Although the heteropoly acid is di erent in size, but the shape is almost the same. In addition, it can be clearly seen that the size is basically just about 3 μm as presented.
Electrochemical Impedance Spectrum
Analysis. Impedance measurements of the NiZrMo were obtained using a VMP2 Multichannel potentiostat electrochemical impedance analyzer over a frequency range of 0.01~9.99 × 10 4 Hz at room temperature. Figure 6 showed the electrochemical impedance spectrum (EIS) of NiZrMo. Proton conductivity of the heteropoly compound is calculated according to the relation, = /( × ), where is the resistance, L is the thickness, and is the area of the tablet [13] . From Figure 6 , it is calculated that the proton conductivity of the NiZrMo is 1.23 × 10 −2 S·cm −2 at temperature 23°C and 60% relative humidity. In the measurement temperature range, its proton conductivity increases with increasing temperature. e activation energy of proton conduction of NiZrMo is 27.82 kJ·mol −1 . e relationship between proton conductivity and activation energy is consistent to Arrhenius equation.
e Arrhenius plot of proton conduction of NiZrMo is shown in Figure 6 . Actually, there are two predominant mechanisms of proton conduction, which are in the Grotthuss mechanism, proton transport can be assisted by a large amount of water through a hydrogen-bonded network. ere are di erences between the Vehicle mechanism and the Grotthuss mechanism, in the later the proton movement was assisted by water molecule by means of facilitating transport as an H 3 O + species. In addition, the activation energy of the Grotthuss mechanism is lower than that of the Vehicle mechanism, and the former is less than 15 kJ·mol −1 , the latter is more than 20 kJ·mol −1 [14] . So, the mechanism of proton conduction of NiZiMo is Vehicle mechanism for its activation energy is more than 20 kJ·mol −1 . 
